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(54) Glasses for display panels 

(57) An aluminosiiicate glass having a connposition 
comprising, as calculated in weight percent on an oxide 
basis, of 40-57% SiOg, 2.0-1 1% AI2O3. 1-16% GaO. 8- 
21.5% SrO, 14-31.5% BaO, 0-3% MgO. and 0-4% 



B2O3, the glass having a temperature not over 1450*^0 
at a viscosity of 20 MPa • s (200 poises), a GTE of 60- 
90x10*^/^0 and a strain point over 630''C. 
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Description 

FIELD OF THE INVEhiTIQN 

5 A plasma display device having an aluminosilicate glass panel exiiibiting physical and chemical properties neces- 

sary for such devices. 

BACKGROUND OF THE INVENTION 

w There is a rapidly growing interest in flat panel display devices. Thus far commercial activity has centered on small 
units such as used in laptop computers. For this purpose, the liquid crystal display (LCD) device has been the dominant 
center of interest. 

Increasing attention is being given to larger units that may be used in information and entertainment applications. 
LCDs tend to require critical accuracy in construction and, therefore, do not readily lend themselves to large size 
15 screens. Accordingly, as irrterest shifts to larger size units, attention is being directed to alternative types of display 
devices. 

One such alternative is a plasma display device. In its simplest form, a plasma display device embodies two insu- 
lating glass substrates maintained in opposed, spaced relationship. One substrate has anode electrodes formed on its 
Interface. The other substrate has cathode electrodes formed on its interface. Barriers are formed between the elec- 
20 trodes in each set to prevent cross talk. 

The substrates are maintained in a fixed relationship facing each other. The electrodes are so arranged, and the 
substrates so aligned, that electrode segments face one another and correspond to a picture element. A rare gas. such 
as neon, argon, or helium is enclosed around and between the electrodes. When a voltage, which may be up to 100 V. 
is applied between the electrode sets, the gas undergoes a glow discharge. This is based on a principle commonly 
25 known as the neon glow discharge principle. 

The light generated by this discharge is used to form the display. The electrodes may contain materials that gener- 
ate the primary red, green and blue colors under influence of the discharge. In another form, fluorescent phosphors are 
coated on the electrodes and are affected by the discharge to produce the desired colors. 

The electrodes may be applied in stripes that are perpendicular to one another. They may be printed, or may be 
30 formed by a photolithographic process. Atternatrvely, dots may be formed by printing, or by applying a film and process- 
ing the film by photolithographic techniques well known in that art. 

Heretofore, the insulating substrates employed in emissive display devices have been sheets of soda lime glass. 
Soda lime glasses have been used because they provide a high coefficient of thermal expansion (GTE). A high CTE on 
the order of 60-90x1 0~^/''C (0-300<*C) is required to match the expansion of glass frits used in producing electrodes and 
35 barriers in a display device. 

I=6r example, the electrodes and barriers may be applied as a paste and dried. The paste will contain a conductive 
component, such as a metal powder, a low melting point glass frit, and organics as a solvent and as a binder. The dried 
paste is fired to burn out any residual organic and to soften the glass frit to adhere to the substrate 

While soda lime glasses have the necessary high CTEs, they also have low strain points and low resistivities. Con- 
40 sequently, a soda lime substrate may shrink and/or undergo distortfon during thermal processing. This processing 
irxsludes firing the electrodes and/or sealing the substrates together. The high soda content also leads to sodium ion 
migration which degrades the display electronics (e.g. electrodes). 

It would, therefore, be desirable to provide a glass substrate having a CTE In the 60-90'*x1 0'^/^C range and a strain 
point greater than eso^'C. At the same time, it would be desirable to limit the use of alkalis in the substrate compositions 
45 since these ions may limit the lifetime of a display as well as lower the glass strain point. Most preferably, it would be 
desirable for the glass to be capable of being manufactured using the float process. It is a purpose of the present inven- 
tion to provide glasses that meet these various conditions. 

SUMMARY OF THE INVENTION 

so 

An aspect of the present invention is an aluminosilicate glass having a limited alkali metal Ion concentration, whose 
composition comprises, as calculated in weight percent on an oxide basis, 40-57% SiOg, 2.0-1 2 % AlgOa, 1 -16% CaO. 
8-21 .5% SrO, 14-31 % BaO, 0-3% MgO and 0-4% B2O3, the glass having a temperature not over ISOO'C, more pref- 
erably not over 1450''C, at a viscosity of 20 MPa * s (2O0 poise), a CTE of 60-90x1 0'^AC and a strain point over esO^'C. 
55 These glasses preferably employ a total R2O content (where R= Li, Na. or K) which is less than about 5 weight percent. 
A further aspect of the Invention Is a display panel having an alurrdnosilfoate glass sut>strate that is free of alkali 
metal ions, that has a composition consisting essentially of, as calculated in weight percent^on an oxide bajis,^0-57%_ 
= Si02. 2.0-1 1% Al203. 1-1 6% CaO; 8^21;5%^SrO. 1'>^1.5% BaO, 0-3% MgO arid (M^jTBgOa, The glaS having a tem- 
perature not over 1 450*'C at a viscosity of 20 MPa * s (200 poise), a CTE of 60-90x1 0'^/^C and a strain point over 630°C. 
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DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a perspective, open view illustrating the basic structure of a plasma display panel, and 
FIGURE 2 is a fragmented, side elevation view in cross section of an element in FIGURE 1 . 

5 

DESCRIPTION OF THE INVENTION 

FIGURE 1 in the accompanying drawing is a perspective, open view illustrating the basic structure of a plasma dis- 
play panel generally designated 10. Panel 10 comprises a front substrate 1 1 and a back substrate 12. Anode electrodes 

10 13 are formed on the inner surface of front substrate 1 1 , and cathode electrodes 1 4 are formed on the inner face of back 
substrate 12. Rit>s 15 serve to space substrates 1 1 and 12, and also to act as isolating barriers. It will be appreciated 
that isolating barriers may take other known forms as well. In such case, substrates 1 1 and 12 may be spaced apart by 
a peripheral sealing strip rather than ribs 15. 

FIGURE 2 is a fragmented, side elevation view In cross section. It shows. In greatly enlarged form, an element or 

15 cell 20 within display panel 10. Substrates 1 1 and 12 are joined together to form a hermetically enclosed panel. Then 
the space intermediate the substrates is evacuated and filled with a rare gas in known manner. 

The present invention Is primarily concerned with Improved glasses that are adapted to production of insulating 
substrates, such as 1 1 and 1 2. In particular, the glasses meet the various property requirements of such substrates. In 
addition, many of the glasses of the present invention are also capable of being formed using the float glass manufac- 

20 turing process. To provide flexibility in the melting process, and particularly to enable the production of the glasses via 
the float process, it is desirable that the glass have several characteristics related to melting properties. For example, a 
melting temperature (i.e., temperature at which the viscosity is about 20 MPa-s (200 poises)) less than or equal to 
about ISOC'C. and more preferably less than or equal to about 1450°C, is desirable in some float processes. More 
inrportantly. in order to manufacture the glass via the float glass manufacturing process, it is desirable for the glass to 

25 exhibit a viscosity at the liquidus temperature which is greater than 50 MPa * s (500 poises), more preferably greater 
than 100 Mpa • s (1000 poises), and most preferably greater than about 250 Mpa * s (2500 poises). 

The preferred glasses in accordance with the present invention have a CTE in the range of 60-90x1 0*^/*C, more 
preferably 65-85x1 0'^/°C. and most preferably 79-85x1 0'^/^C. The desire for such a CTE is primarily driven by the 
desire to match the CTEs of glass frits used in electrodes and sealing operations. The glasses of the present invention 

30 preferably have a strain point greater than eso^'G. more preferably greater than 645^0. and most preferably greater than 
about 655°C. A high strain point is desired to help prevent panel distortion due to connpaction/shrinkage during subse- 
quent thermal processing. Such processing includes firing of electrodes, sealing of panels and application of coatings. 
In the most preferred embodiments, the glasses exhibit a combination of desirable CTE's and strain point. For example, 
the most preferred glasses exhibit a CTE In between 79-85x1 0'^^C. in combination with a strain point greater tiian 

35 645''C. and most preferably greater than about 655'*C. 

In one entediment of the present invention, alkali metal oxides are essentially avoided other than at levels of under 
1 .0 weight percent. Glasses having such low alkali metal levels are particulariy useful as substrates in direct current 
(D/C) plasma display panels. However, alkali metals can be utilized in glasses for other embodiments, e.g. plasma dis- 
plays which are powered by alternating current On the other hand, it is still desirable that the total alkali level be below 

40 about 5 weight percent 

The glass compositions enrplc^ed herein utilize substantial anrx>unts of the alkaline earth metal oxides BaO. SrO 
and CaO. BaO, whk:h is the largest of these cations, has the greatest effect in inaeasing the CTE value, followed by 
SrO. CaO and MgO, in that order. Up to 3% MgO may be tolerated, but is generally avoided because it may cause 
phase separation in the glass and because it lowers the CTE excessively. The glasses of the present invention therefore 

45 enplQy 14-31 .5% BaO, 8-21 .5% SrO, 1-16% CaO and 0-3% MgO, all in weight percent. Preferably, these glasses also 
employ a total amount of these ingredients (BaO, SrO, MgO, and CaO) in an amount between about 33 and 55 weight 
percent, more preferably about 35 to 47 weight percent. 

Chemical durability of the glasses herein has been determined as weight loss in mg/cm^ that occurs during immer- 
sion of a glass sample in 5% HOI solution at GS^'C for 20 minutes. Chemical durability generally improves as the ratio of 

50 glass formers plus intermediates to glass modifiers increases. However, it is frequently necessary to effect a compro- 
mise between chemical durability and meltability. It is desirable that glasses for present purposes have a weight loss 
less than about 5.0 mg/cm^. more preferably less than 2.0 mg/cm^ and most preferat)ly less than 1.0 mg/cm^ after 
exposure to the 5% HCI solution as descrbed akxsve. Glasses having compositions within the following oxide ranges in 
weight percent are generally characterized by wt. k>ss values less than 5.0 mg/cm^: 

55 
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SiOg 


44-57 


AI2O3 


2-12 


CaO 


1-15 


SrO 


9-19 


BaO 


16-29 


MgO 


0-3 


B2O3 


0-1 



15 

The present glasses employ 40-57% by weight Si02 as the primary glass former. Increasing Si02 content generally 
improves durability, but raises the melting point. The glasses also comprise 2.0-11% AI2O3. As the AI2O3 content 
Increases, glass durability increases, but CTE decreases and the melting point increases. Boric oxide (B2O3) 
decreases melting tennperature. but is generally detrimental to durability, strain point, and CTE. Therefore, B2O3 is lim- 

20 ited to 4% more preferably is less than 2% and is most preferably omitted. 

The invention is further illustrated by the follownng examples, which are meant to be illustrative, and not in any way 
limiting, to the claimed invention. TABLE I sets forth exemplary glass compositions in weight percent, as calculated on 
an oxide basis from the glass batches. These example glasses were prepared by melting 1 000 gram batches of each 
glass composition at a tenperature and time to result in a relatively homogeneous glass composition, e.g. at a temper- 

25 ature of about 1 450-1 550°C for a period of about 6 to 12 hours. Also set forth are relevant glass properties for each 
glass composition. These include linear coefficients of thermal expansion over the temperature range of 0>300**C 
(CTExlO'VC): strain point in **C; viscosity at the liquidus (Liq. Vise. MPa • s/poises); tenperature at viscosity of 2300 
MPa • s in ""C (Vise. Temp.); melting temperature (Melt Temp, at 20 MPa • s); weight loss after exposure to 5% HCI solu- 
tion at 95''C for 20 nrunutes (mg/cm^. 
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TABLE I 
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1 


2 


3 


4 


5 


6 


7 




SiOj 


47.08 


48.03 


48.72 


52.82 


47.43 


46.57 


46.91 




AI2O3 


7.53 


5.65 


4.3 


8.45 


8.37 


8.22 


8.28 


10 




D.UO 


ft 






4 6 


4 51 


4 55 

m ^^^^ 




SrO 


12.24 


12.49 


12.67 


13.73 


12.33 


13.92 


12.2 


IS 


BaO 


27.07 


27.62 


28.01 


16.47 


27.27 


26.78 


26.97 


MgO 














1.09 




B2O3 


— 


— 


— 


— 






**** 


20 




















CTE 
x10-'/°C 


73.7 


75.8 


76.9 


66.5 


72.1 


72.6 


72.8 


25 


Strain 
Point CC) 


673 


667 


660 


680 


676 


675 


676 


30 


Liq. Vise. 

(MPa-s/ 

poises) 


2.800 
28,000 


1,900 
19,000 


1,500 
1 5.000 


1,600 
16,000 


2.000 
20.000 


950 

9,500 


450 

4,500 


35 


Vise. Temp. 
(•C at 2300 
MPa-s) 


1088 


1075 


1068 


1120 


1105 


1096 


1100 


40 


Melt Temp. 
("C at 20 
MPa-s) 


1373 


1357 


1337 


1413 


1391 


1375 


1376 




Wt. Loss 


0.369 


0.241 


0.36 


0.064 


0.23 


0.39 


0.44 



45 



50 



5 



EP 0 729 922 A1 





8 


9 


10 


11 


12 


13 


14 


SiOz 


43.98 


47.28 


56.91 


48.79 


53.73 


47.07 


46.1 


AI2O3 


7.03 


7.56 


5.02 


5.74 


8.59 


3.46 


2.71 


CaO 


4.26 


4.58 


5.52 


4.73 


6.95 


13.69 


14.85 


SrO 


18.4 


12.29 


14.0 


-to 

1^.09 




sf.OO 


1 1 
1 1 


BaO 


25.29 


27.18 


17.75 


28.05 


16.75 


24.98 


24.45 




1 no 


1 1 












B2O3 






— 


— 


— 


0.95 


— 


CTE 


78.3 


72.3 


64.7 


73.5 


64.6 


82.0 


85.0 


Strain 
Point (X) 


676 


673 


673 


662 


682 


666 


668 


Liq. Vise. 

(MPa-s/ 

poises) 


120 
1,200 


2,200 
22,000 


150 
1,500 


4,500 
45,000 


8,000 
80,000 


24 
240 


130 

1 ,oUU 


Vise. 
Temp. 

MPa-s) 


1068 


1093 


1137 


1087 


1134 


1023 


1023 


Melt Temp. 
(•C at 20 
MPa-s) 


1318 


1369 


1449 


1365 


1451 


1243 


1236 


Wt. Loss 


4.1 


0.27 


0.017 


0.137 


0.04 


3.8 


4.53 
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16 


16 


17 


18 


19 


SiOj 


43.8 


45.1 


47.0 


48.4 


44.8 


AI2O3 


6.2 


6.4 


6.3 


6.5 


8.4 


B2O3 










— 


— 


NajO 


0.2 


0.6 


0.2 


0.7 


0.2 


K2O 




1.0 


_ — 


0.9 







A Q 




8 3 


7 8 


8.4 


SrO 


10. 0 






14 4 


15 4 


BaO 


24.4 


23.0 


22.8 


0 4 0 

21.3 




CTE (x1 0- 


84.5 


85.2 


82.0 


81.9 


78.7 


7/0 C) 












Strain Pt ("C) 


673 


654 


675 


646 


678 


Liq.Vis.(MPa- 






350 






si poises) 






3500 






Liquidu5(»C) 


1195- 


1170- 


1150- 


1145- 


1150- 


Temperature 


1205 


1200 


1155 


1170 


1160 


Soft. Pt C C) 


882 


869 


882 


873 


894 


Anneal Pt 


718 


700 


718 


693 


723 
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20 


21 


22 


23 


24 


SiOj 


48.1 


49.0 


47.3 


47.5 


50.6 


AI2O3 


9.0 


9.2 


8.8 


8.8 


11.8 


B2O3 






1.0 


1.5 





NasO 


0.7 


0.7 


0.7 


0.7 


1.4 


K2O 


1.0 


1.1 


1.0 


1.0 


2.2 


CaO 


11.4 


13.3 


8.0 


7.3 


10.3 


SrO 


12.0 


10.8 


13.4 


13.4 


9.6 


BaO 


17.8 


15.9 


19.8 


19.8 


14.1 




79 5 


78 7 


77.0 


77.0 


74.3 


7 to ^ \ 

/ C) 












Strain Pt ( C) 


661 


D04 






645 


Liq. Vise. 












LiquidusCO 


1200- 


1220- 


1100- 


1190 


1125- 


Temperature 


1205 


1240 


1120 




1100 


Soft. Pt (° C) 


880 


885 


866 


879 


859 


Anneal Pt 


708 


710 


692 


684 


694 















A glass having a compositton and properties as shewn in Example 17 is currently regarded as representing the 
best mode of the Invention, that is, as providing the best combination of properties for the purposes of the invention at 
this time. 

Claims 

1 . A glass exhibiting a linear coefficient of thermal expansion (CTE) over the temperature range 0-300®C between 60- 
90x10~^/°C and a strain point over 630'*C, said glass comprising an aluminosilicate having a composition as calcu- 
lated in weight percent on an oxide basis, of 40-57% Si02. 2.0-12% Ai203, 1-16% CaO. 8-21.5% SrO. 14-31.5% 
BaO, 0-3% MgO. and 0-4% B2O3. 

2. A glass in accordance with claim 1 which is manufactured by the float process, said glass having a liquidus viscos- 
ity greater than about 50 MPa * s (500 poises), and/or a CTE of 79-85x1 0'^/^C. and a strain point over 645''C. 

3. A glass according to daim 1 or 2 wherein the B2O3 content of said glass is less tiian about 1 .5 weight percent, and 
the alkali metal content is less than alXHJt 5 percent by weight 

4. A glass according to claim 3, wherein the MgO content of said glass is less than about 1 .5 weight percent 
^5.^ A glass according to claim 2, wherein said glass has a strain over ess^'C. 



8 



EP0 729 922 A1 



6. A glass according to claim 1 , 2, 3, 4 or 5, wherein said glass consists essentially of a composition, as calculated in 
weight percent on an oxide basis, of 40-57% SiP2. 2.0-12% AI2O3, 1-16% CaO. 8-21.5% SrO. 14-31.5% BaO. 0- 
3% MgO. and 0-4% B2O3. or 41-52% SiOg, 2-12% AI2O3. 4-16% GaO, 8-19% SrO. 16-29% BaO. 0-3% MgO. and 
0-4% B2O3. 

5 

7. A glass according to any one of claims 1 -6. as a flat transparent substrate for a fiat panel display device. 

8. A substrate according to daim 4 and 7. wherein said glass has less than about 1 .0 percent alkali metal content. 

10 9. The substrate of claim 7 or 8 in a direct current powered emissive flat panel display. 

1 0. A substrate according to claim 7, 8 or 9. wherein the glass has a weight loss less than 5.0 mg/cnn^ when immersed 
in 5% Hcl at 95*C for one hour 
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